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HE art of casting metals into previously prepared 
)ulds has been known and practised since 
prehistoric times. We find the casting of metals 
referred to in many passages of the Bible. The 
casting of the golden calf by Aaron is probably 
the most prominent and best remembered. His 
work is described in the following words (Exodus, Chapter 
XXXH): "And all the people brake off the golden earrings 
which were in their ears, and brought them unto Aaron. And he 
received them at their hand, and fashioned it with a graving 
tool, after he had made it a molten calf." 

We also find that King Solomon's throne was adorned with 
two huge bronze lions and in many other instances there appear 
references to the casting of metals in Biblical times. The value 
of these statements in scientific research has been questioned, 
but there are many facts that point to their probability. 

Although the Egyptians practised the art of metal casting 
long before any other nation, the Greeks were undoubtedly the 
most skillful in this art during the ten centuries immediately 
preceding the beginning of the Christian Era. One of the seven 
wonders of the world is the bronze statue of the Sun God Helois in 
Rhodes, commonly known as The Colossus of Rhodes, made by 
a Greek named Chares, during the reign of Demetrius in the 
fourth century before Christ. This work occupied him for twelve 
years, and when finished stood 105 feet high, weighing 360 tons. 
It was destroyed by an earthquake in 224 B. C. Other Greek 
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colossi such as the Apollo of 
Calamis, the Zeus and Hercules of 
Lysippus and Zeus at Olympia are 
amongst the most remarkable cast- 
ings of any age. In 479 B. C, a 
bronze pillar was set up by the 
Greeks to commemorate their vic- 
tories. It was about 20 feet high, 
cast in one piece, hollow, with the 
names of the states engraved on it. 
The question as to the priority of 
certain metals or alloys in history 
- , , , has created an ex- 

Metals ^ J- 

and Alloys amongst archaeo- 

logists throughout the world. Ac- 
cording to the accepted theory, the 
first three stages from barbarism to 
civilization are clearly defined by 
the relics of stone, bronze and iron. 
It is then assumed that bronze was 
used before iron. 

From a purely metallurgical 
standpoint and without entering 
into an extended archaeological 
discussion, it would appear that 
amongst the useful metals, iron was 
probably known first and used for 
hammering into implements of war, 
since iron was to be found in its 
native state in the form of meteor- 
ites. Copper was probably known 
next since this element was also 
found to a large extent in its native 
form and required no smelting 
operation. Bronze (by which is 
meant copper-tin alloys) was prob- 
ably next used since "tin-stone" 
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was so abundant in Cornwall. 
Brass (by which is meant copper- 
zinc alloys) was probably the last 
to be used — many historical facts 
tending to prove this classification. 

The early Egyptian type of 
furnace (shown in accompanying 
photographs) was 
made by digging a 
hole in the ground 
and setting the crucible into it with 
a surrounding layer of fuel. A 
draught was created in the earlier 
types of furnaces by fanning with 
bamboo matting, although in the 
later types of furnaces a bellows 
appears to have been used which 
was worked by foot power, two 
men being required to operate each 
bellows. This furnace undoubtedly 
forms the basis of the pit furnace 
used so extensively in modern 
foundry practise. 

The Greek furnace (see illustra- 
tion) appears to have been built 
along the lines of the modem 
cupola furnace. This served as an 
annealing, forging, and preheating, 
as well as a melting furnace. 

During the Middle or Dark Ages 
very little progress was made in 
furnace construction, but we find 
the reverberatory furnace in use to 
a large extent as early as the 
fifteenth century. 

In tracing the evolution of the 
metal casting art, we find the com- 
position of the moulds used at the 
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various stages to be of more than 

passing interest. A whole series 

■ *■ . _. of moulds belonging to 
Moulds ,, fi , r, . r 

the first Dynasty of 

Egypt (about 2400 B. C.) has been 
unearthed. They show that the 
moulds were carved in thick pieces 
of clay, baked into pottery, and lined 
with a fine ashy clay. In the lake 
dwellings of Switzerland various 
moulds have been found which 
date from 1000 to 2000 B. C. 
Some are of rock, others of clay. 
Rock seemed to be preferred for the 
flatter objects, clay for the more 
complicated. Whether the first 
moulds were of stone or baked clay 
is uncertain, since stone and clay 
are more closely related to the 
pottery art, which is far older than 
recorded history and was known 
and practised long before the metal 
casting art. 

Both rock and clay moulds, or 
at least some of them, were con- 
structed in halves or in even more 
parts, so that they could be pre- 
served. Holes for plugs are to be 
seen which were used in fitting 
the parts of the moulds together. 
Moulds found in ancient Troy like- 
wise show the use of both stone 
and baked clay, some of them being 
constructed in symmetrical halves. 

Moulding in sand commercially, 
began about 1708, At that time, 
Abraham Darby, in Wales, had 
been having considerable trouble 
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in the casting of hollow iron 
vessels, when an apprentice by the 
name of John Thomas conceived 
the idea that by using sand instead 
of clay, the air would be more 
easily released from the casting 
thus producing a better casting 
and avoid the destruction of many 
moulds. After experimenting for 
some time, most of which was 
carried on after their regular work- 
ing hours, they were finally suc- 
cessful in perfecting the idea, and 
the present-day method of sand 
casting was thus originated. 

In England a patent for sand 
moulding was allowed by the gov- 
ernment in 1758, although it 
appears from one of the accom- 
panying photographs that Rauemer 
used sand for moulding and his 
furnaces as well as his other equip- 
ment were not unlike those in use 
in modern foundries. 

The first appearance of the metal 
mould seems to have come with the 
»«- . ••• advent of printing in 

Metallic ^ -ru ^ ^ 

1454- The demand 

Moulds f^^ ^^g^p jypg 1^^ jQ 

improvements along this line, which 
resulted in the evolution of the 
modern linotype machine. 

During the seventeenth and 
eighteenth centuries metal moulds 
began to be used for casting pewter 
tableware which was greatly in 
vogue during that period. During 
the nineteenth century metal 
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moulds also came into use for the 
production of hollow lead toys, clock 
frames, etc., which were produced 
by the so called "slush" process. 

The avalanche of motor propelled 
vehicles which marked the begin- 
ning of the twentieth century, to- 
gether with the evolution of many 
automatic vending, printing, and 
talking machines, created a demand 
for a simpler and cheaper method 
for producing accurate castings than 
the old-fashioned sand process. 
The metallic mould seemed to be 
the only solution to this problem 
and many years of labor and experi- 
ment were spent in an attempt to 
establish this process on a com- 
mercial basis. 

In 1906, H. H. Doehler perfect- 
ed and in 1907 patented his die- 
casting process and placed so called 
die-castings made from alloys of 
zinc, tin and lead on the market. 
These castings were smooth and 
accurate, requiring little or no 
machining. From this obscure 
beginning the process developed 
rapidly. Metal mixtures or alloys 
with a strict regard to metallurgical 
principles were gradually evolved. 
New and improved casting machines 
were devised, scientific casting 
methods were adopted ; and the 
die-casting industry has become 
one of the largest and most im- 
portant branches of the non-ferrous 
metal trades. 
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THE 

LAST DECADE 

To record the progress of the die-casting industry within 
the last decade is to relate the achievements of the Doehler 
Die-Casting Co. 

Ten years ago our working force consisted of twenty men 
and our output that year amounted to about §20,000, Today, 
we operate four individual plants, employing over one thousand 
men and our annual output exceeds $4,000,000. 

Such results are not accidental, but effects of distinct causes, 
the fomnost of which is our development of the die-casting alloys. 
. .. From unreliable and haphazard metal-mixtures, we 

^ have developed through a labyrinth of scientific 
experiments and research work, a series of white metal alloys 
consisting of tin, lead and zinc alloys. These alloys are metals, 
properly proportioned, for distinctive functions, their uses being 
carefully studied by our force of chemists before being applied, 
and varied accordingly. 

A table enumerating the basic alloys will be found on suc- 
ceeding pages. 

The next important developments are those in our casting 
machines. From a small, crude, hand-operated machine, we 
_ . ■ - , . gradually evolved a powerful and 

Casttng Machines , :■ ^ > 1, tl 

^ rapid-acting automatic machine. 1 he 

results from this development being lower priced and better 
castings — lower priced owing to the saving in labor from the 
faster operation through the automatic feature and better castings 
made possible by the uniformity of operations on this automatic 
machine as compared with the original hand-operated one. 

A battery of these machines is illustrated. 

The process in general has been advanced by us from die- 
casting small, simple pieces limited as to size, weight and 
_ . <-, . character, to castings of any size 

Process tn General , . . , .^. . ,. , ,. ., 

and weight within practical limits 

and to the most complicated and intricate form, as the accom- 
panying illustrations will prove. 
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One of our latest achievements is that of die-casting aluminum 

alloys — successfully and commercially. This was accomplished 

- , . rv- -^ . » ^ter years of patient and tire- 

Aluminum Die-CasHngs ,^^^ ^'^^„ ^^ ^^^ ^^^^^ 

developed into a business of immense proportions. 

For this branch of our business we have adopted an 
aluminum -copper alloy (see table of alloys), having, after due 
research, become firmly convinced that this is the most practical 
of all aluminum alloys, and its extensive use amply demonstrates 
its reliability. Through the quick chilling which is entailed by 
our process, the strength of the casting from this alloy is 
greatly increased. 

The accompanying illustrations clearly indicate the sharp 
outlines and excellent finish of these castings and ably demon- 
strate the wonderful possibilities of this process. 

Accomplishments such as these can be effected only by an 
organization working in complete harmony, aiming towards one 
— ^ , ^ common goal — Success. To such an organi- 

* zation which it has succeeded in perfecting, 

and to the hearty co-operation of its individual members, the 
Doehler Die-Casting Co. owes its entire success technically, 
commercially and financially . 



by G >ogle 



TABLE OF ALLOYS 

The following are our basic alloys which can be varied in 
tensile strength, elongation and reduction of area to suit the 
requirements of a specific part : 

No. 3 Alloy— Zinc Base 

Composition (Approximate): 



Specific Gravity . . . 7.20 
Weight per cubic inch . .253 

The strength of this alloy may be compared favorably with 
cast iron, although non-magnetic, will take a high polish but will 
not hold it unless lacquered. Can be electroplated readily by 
the standard electroplating methods. Castings made from this 
alloy may be cold enameled (with any of the celluloid base 
enamels) or hot enameled at a temperature not to exceed 275 
degrees Fahrenheit. This alloy will withstand a temperature of 
27s degrees Fahrenheit, but its use generally is not advisable 
under temperature conditions exceeding 120 degrees Fahrenheit. 

Chemical Properties: 

The alloy is readily dissolved by the ordinary mineral acids 
and is also readily soluble in alkalis. Water, aqueous solutions and 
damp atmosphere will corrode this alloy unless protected by an 
absolutely homogeneous coating of some non-corrosive metal, 
such as nickel or a high-grade lacquer or enamel. We do not, 
however, recommend the use of an alloy of this type where 
continual contact with water or aqueous solutions is one of the 
requirements of the part. 
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No. 28 Alloy— Tin Base 

Composition (Approximate) : 

Tin 86 

Antimony 8 

Physical Properties: 

Specific Gravity . . . 7.40 
Weight per cubic incli . .266 

This alloy may be termed a "Genuine Babbitt" and used 
extensively for high-class engine bearings, etc. The tensile 
strength is very low, but the alloy can be used for machine parts 
where resistance to corrosion is desired, and strength is not 
essential. The alloy is easily polished on a soft wheel and keeps 
a white lustrous finish under normal atmospheric conditions, may 
also be electroplated by the usual methods. The alloy will begin 
to fuse at a temperature of 425 degrees Fahrenheit and is the 
highest melting point, tin-base bearing metal that has thus far 
been produced. 

Chemical Properties: 

Not attacked by organic acids and can therefore be used for 
food containers. Slowly corroded by mineral acids and alkalis 
but comparatively unaffected by water, neutral aqueous solutions 
and damp or warm climatic conditions. 
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No, 52 Alloy— Lead Base 

Composition (Approximate): 

Lead 83 

Antimony 17 

Phvsical Properties: 

Specific Gravity . . . 10.03 
Weiglit per cubic inch . .382 

The physical properties may be varied to a large extent by 
variations in antimony contents and addition of other elements. 
Castings made from this alloy may be polished and nickelplated. 
Lead antimony alloys are amongst the finest bearing metals 
known where the speed and pressure are not excessive. Melting 
point, 600 degrees Fahrenheit. 
Chemical Properties: 

Insoluble in diluted sulphuric acid and is consequently well 
adapted for use in fire extinguishers, etc. Soluble in nitric 
■acid and very slowly soluble in hydrochloric acid. Contact with 
organic acids forms basic lead salts which are poisonous. The 
alloy should consequently never be used for food containers. 
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No. 12 Alloy — Aluminum Base 

Composition (Approximate): 



Physical Properties; 

Specific Gravity . . 3.003 

Weight per cubic inch . ,114 

Tensile strength 21,500 pounds per square inch; elongation 
1-5 per cent. By varying the copper contents of this alloy, the 
elongation and tensile strength may be varied to a great extent. 
This alloy will take a high polish and hold it without tarnishing 
for a long period. Many of our customers have satisfactorily 
nickel-, gold- and silver-plated this alloy in every-day practice, 
employing the usual methods with few slight modifications. The 
alloy fuses at 1150 degrees Fahrenheit. 

Chemical Properties: 

Readily soluble in alkali solutions. Insoluble in nitric acid. 
Readily soluble in diluted hydrochloric and sulphuric acids and 
soluble with difficulty in these acids when concentrated. Dietary 
organic acids have very little action on this alloy and when such 
action does take place the products are harmless, which makes 
this alloy well adapted for food containers, etc. Pure water has 
very little action on this alloy, although it is attacked slowly 
by salt water and water rich in carbonates and sulphates. The 
alloy is comparatively unaffected under normal atmospheric 
conditions. 
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DIE -CASTING QUALITY 



We believe the trade in general is thoroughly familiar with 
the product knovm under the trade name of Die-Castings. 
Rather, therefore, than go into a detailed description of the 
process of manufacture, which is already well known to all 
practical men in the various branches of the metal industry, we 
will devote this short review to the more important points of 
Quality in Die-Castings. 

The fundamental factors bearing directly on die-castings, 
produced by forcing molten metal under pressure into a per- 
manent metallic mould or die, are : Strength, Accuracy, Uniformity. 

Strength is Obtained: 

ist — By the proper designing of part to be die-cast. 

2nd — By using only the best of raw materials in the alloys. 

3rd — By alloying under the strict supervision of chemists. 

4th — By protecting against segregation in theprocessof casting. 

5th — By producing a casting that is closely grained. 

6th — By eliminating casting defects. 

All these points are carefully guarded by the various depart- 
ments of our highly trained organization. 

Our Engineering Department where all designing is executed, 
is composed of thoroughly trained technical men, with years of 
experience in the die-casting field. The correct construction of the 
part or the combination of several parts into one — the reinforce- 
ment on points of strain by the introduction of a steel or bronze 
bushing to take up the wear — and numerous other details to be 
considered for insuring the ultimate success of the casting to 
be produced are ably handled by this thoroughly competent force. 

This department will gladly confer with the trade as to the 
designing of parts to be die-cast. 

Our Purchasing Department by its inflexible rule to buy only 
the highest grade virgin metals obtainable — assures the use of 
none but the best of raw materials, and is the first step in 
guaranteeing against the entrance into the alloy of any ingredient 
that might possibly effect the ultimate strength of the casting. 
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Our Laboratory is the actual guardian of all metats during 
all the stages of operation they undergo. The force of chemists 
in our organization is divided into three groups — analytic, 
research, and shop chemists. They have direct supervision of 
the metals before alloying, while being alloyed, and after the 
alloy is produced. To the shop chemists is assigned the task 
of guarding the alloys on their route through the various opera- 
tions ; strictest rules for their handling and careful checking for 
accuracy at all stages being observed. 
Accuracy is Obtained: 

ist — By the proper calculation of shrinkages 

2nd — By the accurate construction of die. 

3rd — By temperature control of die as well as alloy. 

4th — By a system of continuous checking by gauges or tem- 
plets for the immediate detection of any inaccuracy. 

Our Die Designers are expert in this particular branch and 
in no other part of this industry is expert experience as vital as 
in the designing of the dies. Our force of die-makers, operators, 
and inspectors are trained by many years of experience with our 
organization, men who have acquired their knowledge by careful 
study and untiring efforts. 

Temperature control of die and alloy is automatic and is one 
of our latest achievements in the improvements made in the die- 
casting process. 
Uniformity is Obtained: 

ist — By absolute uniformity of alloys. 

2nd — By temperature control. 

3rd — By maintaining uniform conditions during the casting 
process. 

4th —By weighing each casting for the immediate detection 
of any variation. 

5th — By extreme care while in process of cleaning. 

As uniformity makes for inter changeability of parts the points 
enumerated, insuring absolute uniformity, are rigidly adhered to. 

With the aid of our factory managers, superintendents and 
foremen, we have within the last few years succeeded in install- 
ing an ever-increasing number of improvements for advancing 
the uniformity of Doehler Die-Castings. 
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SANITARY DRINKING CUP DISPENSER PARTS 

Heat recording devices in our metal mixing department, 
pyrometers with automatic heat-controlling devices attached, 
automatic casting machines with adjustments for regulating the 
pressure, thus assuring the dehvery of correct pressure for 
varying classes of work; automatic stirring devices, improved 
method of conveying castings to protect them against injury; 
also an absolutely positive checking system. 

We cannot emphasize too strongly the fact that die-castings 
of the strength, accuracy and uniformity of Doehler Die- 
Castings, are products of a highly trained and well-schooled 
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organization. The peculiar nature of die-castings is such that 
the defects of an improperly designed and poorly made product 
may not be apparent at the outset, nor appear until the part, so 
made, is put to the use it was intended. It can therefore be 
readily seen how disastrous the consequences might prove of 
the enjployment of die-castings turned out by men lacking the 
experience and training to qualify them for the production of a 
sound and accurate casting. 

We have had many cases under observation, where governed 
solely by price, die-castings were ordered from concerns posses- 
sing neither the training, personnel, nor organization required 
for their successful production. Such die-castings have invari- 
ably proven fatal to the device they were produced for, and in 
some cases the financial losses thereby entailed, have caused 
the commercial ruin of the purchaser. 

With such disastrous possibilities in mind, the necessity for 
absolute faith in and positive assurance of the reliability of 
die-castings will be realized. Such realization will reveal that 
undeviating quality, and unfailing ser\'ice, backed by an organi- 
zation of high integrity and sound financial responsibdity are the 
causes for the phenomenal success of Doehler Die- Castings. 
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Aluminum Die-Cast Water Pump Impeller 
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